Objective: To determine if a traditional item in the diet might be useful in preventing iron de®ciency in African women of child-bearing age. Design: In a prospective study, the iron status of women who did and did not drink traditional beer high in iron and folic acid, was compared. Iron status was determined by a combination of haemoglobin, serum ferritin and transferrin saturation. Setting: The study was conducted amongst rural villagers in the Murehwa and Zaka districts of Zimbabwe and in Mpumalanga Province, South Africa. Subjects: 112 women aged between 12 and 50 y from a population of 425 rural people participating in on-going family genetic studies. Results: Women who consumed traditional beer had signi®cantly higher serum ferritin concentrations and transferrin saturations compared to non-drinkers (P 0.0001 and 0.03 respectively). Iron de®ciency anaemia was not present in drinkers but the prevalence in non-drinkers was 13%. Forty seven percent of the non-drinkers and only 14% of the drinkers had evidence of iron de®ciency (P 0.002). Six (21%) of the drinkers and none of the non-drinkers had evidence of iron overload (transferrin saturation b 55% and serum ferritin b 400 ugal). Conclusion: We conclude that the consumption of traditional beer, rich in iron, protects women against iron de®ciency. While the use of an alcoholic beverage is not ideal, our ®ndings suggest that indigenous cultural practices might be successfully employed or adapted for promoting iron nutrition.
Introduction
Iron de®ciency is the commonest nutritional de®ciency worldwide (Cook et al, 1994) . Whilst iron de®ciency is not rare in the economically advanced countries, it reaches its highest prevalence and worst severity in developing countries (Cook et al, 1994; MacPhail & Bothwell, 1992) . Women of child bearing age are particularly at risk (Bothwell & Charlton, 1981) . Iron balance is precarious between the menarche and the menopause because of the losses of iron associated with menstruation, pregnancy, parturition and breast feeding. Iron de®ciency in women leads to anaemia, decreased work capacity and increased foetal loss (Bothwell & Charlton, 1981) while in children it is associated with psychomotor retardation and poor scholastic performance (Walter, 1992) .
Iron supplementation and food forti®cation are the main strategies in place for the prevention of iron de®ciency. Supplementation with iron tablet is most often used in pregnant women and has been applied with some success to other vulnerable groups (Svanberg et al, 1975) . The impact of supplementation on the iron nutrition of a population depends on the adequacy of the health services and, even under optimal conditions, there is imperfect patient compliance (Bonnar & Goldberg, 1969) . Forti®cation of food with iron has the advantage of reaching the whole population and may be partly responsible for the reduction of the prevalence of iron de®ciency in Western countries (Cook et al, 1994; Hallberg et al, 1992) . The forti®cation of food with iron is fraught with many practical problems particularly in the developing world where the need is greatest (MacPhail & Bothwell, 1989) . A third approach has centered around the concept of manipulating the diet to improve iron bioavailability (Cook et al, 1994; Hallberg et al, 1992) . This is based on a strategy of increasing the proportion in the diet of natural foods known to enhance iron absorption. A number of candidates have been identi®ed including fruit juices , curry powder (Lamparalli et al, 1987) , and soy sauce (Baynes et al, 1990) . A traditional fermented beverage, rich in elemental iron (45 mgal) and with a low alcohol content (`3%), is widely consumed in southern Africa (McAllister, 1992) . The beverage is prepared in non-galvanized iron vessels and cast iron pots and the iron leached from the containers during fermentation is readily bioavailable (Bothwell et al, 1964) . Consumption of this traditional beverage is culturally acceptable to both males and females and plays an integral role in many traditional ceremonies (McAllister, 1992) . This traditional beverage has never been examined in the light of its being a potential dietary constituent capable of preventing iron de®ciency. We undertook a study to examine if the consumption of traditional beer protects women of child bearing age from iron de®ciency.
Subjects and methods

Study subjects
Subjects were selected from a population of 425 men and women participating in three on-going family studies of African iron overload and hepatocellular carcinoma. Written informed consent was obtained from all study subjects. These family studies were conducted in the Murehwa and Zaka districts of Zimbabwe and the Mpumalanga province of South Africa. All women aged less than 51 years of age and greater than 11 years of age were included in the present analysis. Medical histories and physical examinations were performed on all subjects. None of the women was clinically pregnant at the time of the study. The medical history was taken by medical ®eld workers familiar with the subjects' language and culture and included demographic data, the length of time for which traditional beer had been consumed and the amount. While this provides only a crude estimate of the amount of traditional beer consumed, this estimate correlates with measurements of iron overload and has been shown to be useful in assessing iron exposure (Gordeuk et al, 1992; Moyo et al, 1998; McNamara et al, 1999) .
Collection of blood samples A fasting morning venous blood sample was collected for determination of serum ferritin, transferrin saturation, erythrocyte sedimentation rate (ESR) and full blood count on all study subjects. Serum iron and total iron binding capacity were determined by methods modi®ed from those recommended by the International Committee for Standardization in Haematology (ICSH, 1978a and 1978b) . Serum ferritin was measured using an enzyme immunoassay (Ramco, Houston, Texas).
Categorisation of iron status
The study subjects were divided into ®ve categories (iron overload, normal, iron de®cient stores, iron de®ciency erythropoiesis and iron de®ciency anaemia) on the basis of measurements of iron status. Since chronic in¯ammation is known to raise serum ferritin (MacPhail & Bothwell, 1992) , elevation of the ESR above 20 mmah was used to adjust the cut off value for serum ferritin (Table 1) . This allowed all subjects to be included in one of the accepted ®ve categories of iron status (Table 3) .
Statistical analysis
Parametric analyses were used for normally distributed continuous variables and non-parametric analyses were carried out for skewed continuous variables. Proportions were analyzed with the Fisher exact test or the Pearson chi square. SAS software was used (SAS Institute Inc. Cary, NC). The SAS procedure, Proc GLM, was used in analysis of variance and co-variance. The serum ferritin concentrations were skewed and results are therefore expressed as the geometric mean and standard deviation range.
Results
A total of 112 female subjects between the ages of 12 and 50 y were studied, 83 (74%) were non-drinkers and 29 (26%) were drinkers. The measurements of iron status are summarised in Table 2 according to whether or not they gave a history of regular traditional beer consumption. The drinkers were generally older than the non-drinkers, and Traditional beverage prevents iron de®ciency in African women of child bearing age EM Mandishona et al this difference in age was statistically signi®cant (P 0.0001). The non-drinkers had lower serum ferritin and transferrin saturations compared to the drinkers (P 0.0001 and 0.03 respectively). There were no signi®-cant differences in the mean haemoglobin concentration and the ESR. An analysis of variance with age as a covariate showed that the differences in measurements of iron status were maintained when the effect of age or the effect of ESR as a measure of in¯ammation were taken into account. When the ESR, as a measure of in¯ammation, was used as a co-variate the differences between the groups with respect to serum ferritin and transferrin saturation were still signi®cant. The difference between the mean haemoglobin concentrations of the two groups was not signi®cant if the in¯uence of in¯ammation was taken into account. There was a signi®cant correlation between the amount of traditional beer drunk and the iron status as measured by serum ferritin (r 0.69, P 0.0001). Table 3 shows the effect of traditional beer consumption on the iron status. Forty seven percent of the non-drinkers and only 14% of the drinkers had evidence of iron de®-ciency (P 0.002). None of the drinkers had iron de®-ciency anaemia compared to 13% of the non-drinkers.
In the drinking group 6 (21%) had iron overload, de®ned as serum ferritin greater than 400 ugal and transferrin saturation greater than 55%, while none in the non-drinking group had iron overload. There were no signi®cant differences in total beer consumption (Wilcoxon Z 0.46, P 0.65, Wilcoxon two sample test) and the distribution of life time consumption (KS 0.71, P 0.69, Kolmogorov-Smirnov two sample test) between the iron-overloaded and the non-iron-overloaded subjects. Table 4 shows the amount of traditional beer consumed by African women (excluding non-drinkers). There was wide variation in the amount consumed ranging from a lifetime consumption of 7 to over 50 000 l. The median daily consumption was 1.2 l. Samples of beer taken from the homes of drinking women had a mean iron concentration of 45 ( AE 17) mgaL suggesting that the median additional daily iron intake from beer was about 54 mg with a range of 0.1 ± 214 mgaday. Again there was no signi®cant difference between the daily consumption in iron-overloaded and non-iron-overloaded women who drank beer (Wilcoxon Z 0.42, P 0.67).
Discussion
In South Africa iron de®ciency anaemia has been noted to occur less frequently in black women than in women of other ethnic groups (Guidozzi et al, 1995) , despite the high prevalence of anaemia in other parts of Africa (MacPhail & Bothwell, 1992) . While this may re¯ect the prevalence of causes of excessive blood loss in tropical Africa such as hookworm infestation (MacPhail & Bothwell, 1992) , the regular intake of iron rich traditional beer may play a role. Our results show that the use of a popular traditional beverage that is prepared at home and used widely in southern African may protect women of child bearing age from iron de®ciency. The consumption of home-brewed beer should be viewed in the light of the role it plays in traditional rites in African communities (McAllister, 1992) . Traditional beer is high in calories and contains an appreciable amount of solids derived from the maize and sorghum grains that are basic constituents. Its low alcohol content (`3%) allows for the consumption of large amounts of beer. In spite of the high phytate and polyphenol content of the basic constituents which have been shown to inhibit iron absorption (Hallberg et al, 1989; Gillooly et al, 1983) , iron from this source is highly bioavailable (Bothwell et al, 1964) . Traditional beer may be drunk throughout the day and its place in the African diet can best be exempli®ed by the statement of a former Zulu king:`Beer is the food of the Zulus: they drink it as the English drink coffee' (Webb & Wright, 1978) . This is borne out by the large total life time consumption (up to 50 400 l) in this study.
Consumption of traditional beer, perhaps in association with an iron loading gene (Gordeuk et al, 1992) , is also known to be the major cause of African iron overload (Bothwell et al, 1964) , which in turn is associated with chronic liver disease (Bothwell & Isaacson, 1962; Bothwell & Bradlow, 1960; Isaacson et al, 1961) , hepatocellular carcinoma (Mandishona et al, 1998) and possibly tuberculosis (Gordeuk et al, 1996) . In this study 21% (6a29) of the drinkers had transferrin saturations greater than 55% and serum ferritin greater than 400 ugal. This raises the question as to whether these six individuals have the putative African iron loading gene (Gordeuk et al, 1992) . The ®nding that there was no signi®cant difference between total beer or daily beer consumption in the iron-overloaded Chi square 24.8 P `0.0001.
Traditional beverage prevents iron de®ciency in African women of child bearing age EM Mandishona et al and non-iron-overloaded drinkers suggests that a genetic factor may be operative. In addition, some of these women were recruited from families in which African iron overload was present. In this setting, manipulation of the diet to include more traditional beer, which contains highly bioavailable iron, may put these individuals at risk. While such risks would have to be balanced against the risk of iron de®ciency anaemia, its seems likely that even modest consumption of traditional beer may be associated with iron overload. The median additional daily iron intake attributable to beer consumption was equivalent to less than one ferrous sulphate tablet (Table 4 ) but in some women reached over 200 mg a day (three to four ferrous sulfate tablets). We are not promoting an alcoholic beverage as a health food, although it should be noted that histological stigmata of alcoholic liver disease are rarely encountered in African iron overload despite heavy consumption of traditional beer (Bothwell & Bradlow, 1960) . Our results do suggest that a widespread culturally acceptable dietary custom might be successfully employed or adapted to safeguard the iron status of women of child-bearing age.
